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Excimer Laser Surface Processing of Titanium
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fC;ll I:I-(l comnloll” to l):inoill(l(’llt~’1” mw~surenwnrs and is p?irnarilj’ due to lack

of pr(’cisiol] in the tip shape function UKICIto calculat.u th~’ hardness, At small

displ:lcmmn[s, the rff~~ct ofa n:ltivc oxiclc on the surf ’ac(’may also pl; l v a role.

From i.his data it is appnrcnt. that the mcchanictilly polishl’d mat,erinl is more

hi@ly strninml than the as-rcccivcd or rlectropolishcd matwials, resulting In

il sIIr[JIc(I hardnrss shout 1.4 times hi~rh(’r than the c]cctropolishcd m[ltcrial.

The as-r(w’i~~ed rnatcrinl is nbout 1.1 limes as hard :IS the elcctropolished

surf:i(t’.

l’lI(T(Ir(~IIccs in t ho SUI-(;ICChardness of thc~ start ing mat, criiil may l-m duc

to difli’rcnc(’s in t 11(’initi:ll slurr;lc(’ conlpftsi[ ion” and St r;lin S1.ilt(’ ill tht

st; lrting nl;ltori;ll. ,Slr; lins I’r(}nl m(’rh;l]]ic;ll polisllill~f. not pres(’l)t if]

(’1(’ctro])olistl(’(1” nl:ltcri:ll, !vill s(I].\’(’ to I]fll.(loll th(’ nl;lt.(lri:ll, l~iflk’w~]c(’s in

conlpositiolll p:lrticulnrly :It tilt’ (1 ~~l)(junci:lrit:~, d u(’ to s(’gregnt ion d uli n~

tll(’ f’:ll)ri(.:lti{)]l (}f’11)(’pl:lt (’, ll!il~ ]llil~ ;1 rol(” ill Ih(’ ll:lrdll~’ss oflll]])olisl)(’(1”

Illill(’l-i ill. 14ilS(’1. prh:(’ssin~ of. ilIl~ of”thC’SC’ SUr(ilCL’S results in t,l)(’ formation” Of”

nl:lrl(’rlsit(’, ;Inrl ttl(’ n]; lrt(’nsil(l ill (Iv(’ry L’:ISIIis 1(’h> ll:lrd thHn t)l(I sl:lrtil)~

nvlt(’ri:ll, ‘1’11(’U’l:lt iv(~ (’fYilct of”lilS(’1. pro(x’ssir)~! is Silllilill” fi)r t II(’ (Iifli’r(’rlt

sl:lrlit)g Sill.lil(’(”>. 1)11[ tll(’ fillill llill’(111(’,~S V; II(II’S (1(’~)(’11(] ilS 1)111(’11on th[’

sl:lrlirl~~ Sill” 111(’(’ llill’(111(’SS ;1,S(111111(’1;1S(’1. ])rl~(’(’ssillj:.



Figure 4 sho~vs thl development of the micros[ruct.ure of the alloy as

o::ygcn is lnc(~rporatcd. II] 4:1, thr uvproccss(’d rnnt LIrial shows the diffraction

ofthc unproccss(’d Inatcrial, t~pirill of u +[1‘1’ialloys. 11] 41), the SAIIP for the

sample cxpos(d to 15 pulses is shotvn. ~“hc Lr;lnsforrnation to u’ martcnsit~’ is

apparel; t and some’ g-ruin ref]ncnmnt is obscmed. Rings in the ~SAT>Pindicate

the formation of a nc’w phase, TiO. The darkfi(.ld image bas~’d on thcm rings,

shows the presunc(’ of very small particles with a diamct (’r of approximate c]y

10 nm. l’(}) samp](?s proc(jss(’d ~vith 10 pulses, no Tio rings ar(’ observe’d,

suggc~ting th:lt the solid snl[]t)ilit.y of () in th(’ alloy is exceeded bet.wc(’n 10

an(l ?,5pllls(’s, 11] figur(’ 4(I tak(’11 after 30 pulses, furtlmr ~)gI.;Ii I) rc’finenlcllt

is a])p:lrcnt. the p:lrticlrs ar(’ so]nl’\vh; lt larger ( - 17 nn) I, :Ind tht rings th;lt

correspond to ‘1’io :lr(’ pron]in(mt in the ,SAI)l), Fil]:llly, aft(’r 60 puls(’s, fikvlr(’

4(1, t I}(IIl]:lrtc’nsit.(’ rings l]ily(~ cflk’ctively dis[{pp(~ilr(’(1, ;lI)d thr Tio rings if]

III(I SA])l’ ill-(, \(’1”~ \{LIll (Icfincd, ‘1’11(’ fil); ll St I“uct(lrc is of v(’ry fiI]c Ti{)

p:irticl{ ’s.

fly distorlil]~ II)(I I:ltli(’(1, oxyg(II] ;Itollls in illt(’rsti[i:ll sit(’s ill ‘1’i

i]lcr(’:ls(’ tll(’ r(’sistanm’ of t.h(’ I:lt(i(’(’ to (1(’fi]l.!ll:ltioll. ‘1’his ll:lrd(’l]illg by

(Ii:-l(j(’il[io]]-sollll(’” il~t(’ril(.tiol] is cl];lt.:lct(’~.ix(’(1 1)~’ii s(ll];ir(’-r(m[ dqwrld(’l)cr on

itl(’ w)lut(’ coll(:(’l]tto;lti(~r]:’:” I“i/:[lr(’ 5 ~hoW~ ttl(’ lloI’ll)illi Z(’d tlilldll(’SS :1[. :1

(1(’]~t1101 I (lo 1)111VS { II(’ S(]ll:ll”(’ 1-()()( of” I])(’ (),k~’~(’11(Wrl(’(’llt r:lt.iol] f’ol”Sillll])l(’S

Ir(’:ll(d \vitt) 1,2, 5, & 1(1]?l]lS(IFof.l;ls(’r I.ildi; lfioll :11 1,() ,J-ctll 2 irlcid(’ 111011:1

Il]t’(ll;ll]i(;lll)” ~)olisll(’(1 sl]rfjl(v’. ‘1’IIILll; IIxiIl(Iss d:IL:I is norlll:iliz~’(1 to tlI(I

Illltl’(’:l (-(’d Sll I. filc(’ 11;11.(111(’SSill)(l t.11(’OX~j!(’1} (Y~ll(Y’ 111r;llioll is i’slil]l;lt(’(1 fiolll

tll(I (I; I1; I ill Iif:llr(’ ;1, As (~x]){I(ht(I(lfi)r :1 solll(ioll” I]:lt”(if’llillg sil.ll:llioll, (11(’

(I(I])(III(I(II]lxIIS Iill(’;lr. ‘1111(1sIOINIof’[tlis Iill(’. ; IS ll(~t”lll:lli7,(\(l 10 tllf’ f)l I(’

l)llls~l’l)ositi(~ll J;IIII{ , if: (),.1 (ul’i ) ‘1:’, ‘1’yi)ic;ll V:IIII(IS fi)r solll[iutl II;lt(l[’llirlj! ill

H



this alloy \vit h the same normalization are bet~veen 0.6 and 1.2 ~\vtZ )-0”5i~s

report.ed by I,iu and Welsch:l:{. I.iu and W’clsch report on material ~~’ith 0,1-

1.0 ~t~i oxygen, whil~’ the dnt:: reported hme is for 0.7–6.0 wtf;i ox}g-[’n. ThL’

diff~.’r(>nr(’ in slope is probably duc to the fact that the mcullanism is operating

in a’ rnartensite in this case but t.hc difference in oxygen concentration may

also play a role.

After 15 pulsrs of laser radiiltion, TEM observations demonstrate that.

Tif) prmipitat (Is f~xm) the solid solution. After 15 pulsrs, or above an oxyg(In

concentration of;l]lproxilll:lt~’ly” 2.5 atri , WLItl~c’refi)rc would (spl’ct that :1

prccipit:ltion str(’ngthcnin~ nwchanism would bc observed. Th(’ oro~v;)ti”

stnmgt.hening mcchanism:]l predicls t.l~at the nornmliz(d hardness would

sc:~l[’ :]s the invorsc of this 1~1(’:ln-fl.(’(’-p;lth between particle’s (MFP },

1+’i}g~lr(’7’ giv(’s [11(’ (’(111(-[’l)tt-;lt.ioll of nit rog(’1) as :] ~llr](’tion of. rf:’pt h kr

(Iifli’r(’111 il[lllll)(’1.S ofplll S(’S. 11) (w)lltl;lst II) oxygor)” it](.()] l)()?-;lti()l). nl;lIly 11101-(1

Ill(’It soli(li fi(’;lf i or)” (’y(’l (’s :Ir(’ 11(’(’(1(’({ to il)(Y)l.])O1’ill(] sig]lilic; lllt :11110(11)1s I)f’

I]ilt”(lj’lr] illlo 111(1Ill!ll(’ri;ll. ‘1’l]is is (.ollsisl(’llt ivitl] tll~I r(’l;ltii(’ (liflilsi Iiti (’s of”



() and N1in Ti. IIoivcv.?r-, a similar pntt(’rn appc:lr>, that is that t,hc nitrog(’n

concentration appc:lrs to Snt Ilr;it ( :11 fi[) atfi N. ~xt.cnsivc’ pr(jclssinu resu]ts

in both more nitrogen incorporation and a deeper alloyrd layer. ‘I”EM

obsemations of samples procc’ss(’d w’ith 2(NI pulws ()!”laser radiation at 1 [1 ,J

cm-2 shows the dc~’elopmenl of TiN precipilatm.

In figure h wc sho~v th( surface hardness ofl’i alloyed wii 1] N as :1

function of the numb(’r of pulses. Ann]ysis of the nlcchanism for this suriilc(’

hardening is in proc(Iss, l’relinlill; lry an:llysis simililr to that p(’r-form(~d in

tll(’ ‘l’ii J c:isv sugg(’sls II)(]t tl](~ ])roc(”ss is cmtircly :1 prccipit :Itioll nlcrhanisn)

i :or(]n illlol”ill~r exp~irinl(’nts \v(’r(’ p(~rformcd hf’ l:lw’r nlixin~r of:1 60 11111

i{ surface l:~ycr il]to ‘1’ialloy substrat(’s:i(; using 5 pLllses of’r-;l(liiltio]]” [It 2.5 .J-

~r,, -2. l)us~)it( the hr[:(I 1](’g;l[i\~ 11(’;lt offtJrlllill,ioIl” oi”’1’il)~, rilpid

solidifi(’ati(jl] :lpp:lrcnti~ SUppr(Iss(IS. 11111formation of ibis compoUII(l ill)d tl~(’

r~’su]ting il]lo~ is ilr~~()].~t)()~ls. l~igurc 9 shows th(l tl:lr(ll]rss-dc’~)tl~

r(’l:llionsl)i]~ fiII (}1(1;II)lorj)l)ous” 11-’i’ialloy. Mcmsur(~mLInt of the 11

c(’::::r)t.r:ltiol] LI\(IS n h:Il f-widt h (J~’:l~)~)t”oxinl:lt(~ly 75 nn) :ll]d ii p(~ilk 11

(’OIILX’111rill iot] of :15 :1(’( . ‘1’11(’incrr:ls(’(1 }I:lr(!ncss of tJlc II (X)ntilillillg illlo~ is

S(I(III iIl ttl(, to~) 10(1 11111of” III(I rll;lt(lri;l], (y)rlsis[(lll[ wi[l~ 11)( 11 (Iistril)utioll.

(:olY(’liL~Sloh’S”

‘!’1)(’(1;11:1])l”(’s(’lli(’(11)(’1’(’(i(’lllollStl’:lt (’S [I)ill (Jx(:illl(’r lil S(’l”S urovi(l(” :1

I;ISI :111(1(’fliri{’llt 111(’(110(1ol”Sllrf’il (’(” nlmiific;ltion of’’l’i illlo~S. W(’ Ilil V(’

(i[’lllo Ilst.r:lt (’(i ;llll).vitl/: fix)lll I)()!tl I.gls :IIMi w)]i(i sollr(.(’s :It ill(illstri;lll.v

si~:llifl(”:lr]i r; 11(Is (1(’sl)il(t Itl(’ l: IIN)I.;Ilory s(.;II(I l;Is(Ir IIw’(i ill t.tu’s(’ (’xl)(’rilll[’l~ls.

(’(llll l-oll:ll)i(” (’i):ll)}~(’s ill 1,0111 :111(}~”u)rl)l)osilio I)” illl(j t)li(’t<ostt”(lct(ll”(i 1(’;l(i to

l)r(’(ii(.l; ll)l(’ (11,111/!(Isil: tl]l s[ll-fil(’l’ 1)1”01)(111

II)

i(’s of’tll(l :Illov(I(i 111:11(’ri;lls. ‘1’11(1



excimcr laser process therefore enables effective surfiace engincwring of time

mnterials.
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7. Nitrogen inco~oratiol] ductoexcimer laser processing. Asnumbcrof

pulses is increased, both prak concentration and depth of incorporation

incrww.

8. Hardness as n functiol) of ihe numb(~r of pulses for N alloyed Ti-6Al-

4V. Depth of thl’ nlc:lsurcmcnt is approxirnal lily 70 nm.

$). Hardness as a function of depth for umorphous i] alloyed Ti-6Al-4V.

The d(~ptIIof tho h:lrd lnyer is commensuriit r u~i[ihthiit of the 11

incorporiltion. ”
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